FACTORS FOR CONVERTING INCH-POUND UNITS TO INTERNATIONAL SYSTEM OF UNITS (SI)
The metric System of measurements (SI or International System) is used in this report. fig. 1 ) constitute an important natural resource and an integral element to the largest mangrove forest on the Island. The lagoons and tidal canals have been altered significantly within the last 25 years by extensive dredging, filling, and discharging of domestic and industrial effluents. The potential development of the lagoons for recreation has been hindered by the poor quality of the waters, obnoxious odors, and frequent fish kills.
The U.S. Geological Survey, Water Resources Division, began an investigation in July 1973 to define the hydraulic, chemical, . biological and bacteriological characteristics of the lagoon system. The study was conducted in cooperation with the Puerto Rico Environmental Quality Board and the Puerto Rico Department of Natural Resources.
Results of the investigation describing the hydrologic and hydraulic characteristics of the lagoons have been published previously (Ellis, 1976; Ellis and Gomez-Gomez, 1976) . The report by Ellis and Gomez-Gomez describes the hydrologic response of the lagoons to a tidal cycle in January, when rainfall was minimal.
This report summarizes the lagoon's response to an intense storm in October 1974. Changes in water flows, chemical constituents, and suspended-sediment were documented during the event. This information, as well as the previously published reports, provides valuable data to assist in the development of alternatives for improving the quality of the water in the lagoons.
Purpose and Scope
The principal objectives of the October 1974 study were:
1. To define the flow characteristics at tidal canal outlets to the lagoon complex during an intense storm.
2. To determine the amount and effects of excessive storm runoff on the water-quality characteristics at Boca de Cangrejos, Canal Pinones, Canal Suarez, and Cano de Martin Pefia, principal outlets to the lagoons.
3. To estimate the contribution of nitrogen, phosphorous and carbon from storm runoff to the lagoons.
The data were collected from sampling stations established at each of the tidal canals ( fig. 1 ), Flow and stage were measured, and samples collected hourly at each site during a 25-hour period (one tidal cycle) beginning at 1000 hours October 22, 1974 , through 1100 hours, October 23, 1974 . 
Methods and Procedures
Flow measurements were made at each site hourly during the tidal cycle. Procedures described by Buchanan and Sommers (1969) were used. Stages were recorded from staff gages installed at each site and referenced to local daturas.
Water samples for chemical and suspended-sediment analyses were collected with point samplers in accordance with procedures described by Brown and others (1970) and Guy (1969) . Samples were integrated vertically and horizontally.
Analyses of the water samples included field determinations of specific conductance and temperature, Laboratory analyses were performed at the U.S. Geological Survey Central Laboratory in Doraville, Georgia, and included determinations of total and dissolved species of phosphorus, nitrogen, and organic carbon. Suspended-sediment samples were collected only at Boca de Cangrejos, Canal Pinones, and Canal Suarez, and analyzed at the U.S. Geological Survey field laboratory in Puerto Rico.
The storm-runoff contributions to each lagoon were computed from changes in water-surface elevations and the flow measurements at each canal or outlet. Loads of total organic carbon, total phosphorus, and total Kjeldahl nitrogen (nitrogen available in organic matter and as ammonia) were computed similarly.
Precipitation data were obtained from a network of stations operated by the National Weather Service and supplemented by data from the U.S. Geological Survey. Runoff and direct contribution of rainfall to the lagoons were computed from average precipitation loads and surface areas of the lagoons or drainage basins.
The techniques used to compute the flow of water at the outlet sites and to compute the chemical loads are described by Ellis and Gomez-Gomez (1976) . The data collected during this study are published in "Water Quality and 4Iydraulic Data San Juan Lagoons System, Puerto Rico, by S.R. Ellis and Fernando Gomez-Gomez, 1975 ".
PHYSICAL CHARACTERISTICS OF THE SAN JUAN LAGOONS SYSTEM
The San Juan Lagoons System The San Juan Lagoons system includes Laguna San Jose, Laguna La Torrecilla, and Laguna de Pinones ( fig. 1 ). The lagoons are hydraulically connected by a system of natural and man-made canals. Laguna San Jose, the largest of the three, is connected to Bahia de San Juan by way of Cano de Martin Pena. Two main creeks (Quebrada Juan Mendez and Quebrada San Anton) flow directly into Laguna San Jose. Canal Suarez connects Laguna San Jose to Laguna la Torrecilla which is located east of the Isla Verde International Airport. Laguna la Torrecilla is perhaps the most complex of the three lagoons, since it is also connected to the Oceano Atlantic© at the Boca de Cangrejos outlet and to Laguna de Pinones through Canal Pinones. It also receives the flow of Quebrada Blasina, a creek flawing from the southeast end of the study area. The creek has been dredged and becomes Canal Blasina north of Highway 3. Canal Blasina provides the actual connection of Laguna de Pinones with Laguna la Torrecilla by way of Canal Pinones. Laguna de Pinones, the smallest of the three, is surrounded by Bosque Estatal de Pinones, the largest mangrove forest in Puerto Rico. Canal Pinones is the lagoon's only outlet.
The tidal and hydraulic characteristics of the San Juan lagoons have been described by Ellis and Gomez-Gomez (1976) . Tide records during periods unaffected by runoff were as follows: at Laguna San Jose a maximum daily amplitude of 0.15 meter (m); at
PHYSICAL CHARACTERISTICS OF THE SAN JUAN LAGOONS SYSTEM-Continued
Laguna La Torrecilla, much closer to the system's principal ocean outlet, Boca de Cangrejos, maximum daily tidal amplitude of 0.6 m; at Laguna de Pinones a maximum daily amplitude of 0.26 m. Approximate boundaries of the basins draining into the San Juan Lagoons are shown in figure 2.
Laguna San Jose
Laguna San Jose, the largest lagoon, has a surface area of 547 ha ( fig. 3 ). It has an average volume of 13.2 hm and an average depth of 2.4 m. About 90 percent of the watershed area of the lagoon is urbanized. Mangrove stands border the north and east perimeters Laguna San Jose has been dredged locally to depths ranging from 5 to 11 m. About 17 percent of the entire lagoon area has been 66° 05' 66°00' dredged below the natural maximum depth of 2.5 m (Ellis, 1976) .
Most of the freshwater that flows into Laguna San Jose is urban runoff. Quebrada San Anton and Quebrada Juan Mendez ( fig. 3 ) with a combined drainage area of 22 km , provide most of the runoff to the lagoon. Additional runoff from an area of about 2 km flows into the lagoon from a combined sewagestorm-drain system at the Baldorioty de Castro Avenue pump station. Several unnammed tributaries and culverts add about 15 km to the drainage area. The limestone aquifer which underlies the San Juan area may be discharging up to 18,000 m per linear kilometer per day along a fresh-salt-water zone (Anderson, 1975) . This source may contribute as much as 50,000 m /d of freshwater to the lagoon. 
PHYSICAL CHARACTERISTICS OF THE SAN JUAN LAGOONS SYSTEM-Conlinued
Brackish water flows into Laguna San Jose through Canal Suarez and Cano de Martin Pena. Canal Suarez connects Laguna San Jose to Laguna La Torrecilla, where brackish water results from the inflow of sea water at the Boca de Cangrejos outlet. The canal, about 3.3 km long, 2 to 7 m deep, and 5 to 50 m wide, is an unimproved man-made channel bordered by mangroves. Carlo de Martin Pena, which connects Laguna San Jose to Bahia de San Juan, meanders through several densely populated areas, receiving significant amounts of domestic-waste discharges and urban runoff. The Cano has an average depth of 1 m, is 10 to 30 m in width, and is 5.1 km in length. At many places it is clogged with debris. Ellis and Gomez-Gomez (1975) report that the annual average specific conductance at Laguna San Jose is about 20,000 micromhos per centimeter (umhos/cm) in areas less than 2.5 m deep. In areas dredged below 2.5 m depth, the specific conductance averages 40,000 umhos/cm.
Laguna La Torrecilla
Laguna La Torrecilla has a surface area of about 246 ha and an average depth of about 2.4 m. The lagoon is connected on the north to the ocean by way of Boca de Cangrejos, a natural opening to the sea (fig. 4) . The lagoon's principal freshwater source is Canal Blasina (Quebrada Blasina). The canal, which drains a mostly urban area of about 22 km , is affected by tides as far inland as Avenida Monserrate Bridge ( fig. 1 ). Canal Blasina is heavily polluted with sewage discharges from the Carolina and Vistamar sewage-treatment plants.
The combined discharges from these plants into the canal average about 10,000 m /d. Additional sewage flows are discharged into the headwaters of the stream upstream from the study area. Flow from the headwaters, during low flow conditions, is about 10,000 m /d thus average discharge to the lagoon is about 20,000 m /d. Ground-water flow into the lagoon is negligible since the lagoon is seaward of sthe underlying aquifer's fresh-salt water interface.
Dredging in Laguna La
Torrecilla has been more extensive than at any of the other two lagoons. Ellis (1976) estimated that the volume of the lagoon has been increased about 2.8 times by dredging. Seawater flowing through Boca de Cangrejos accumulates in the dredged areas. The salinity of the water in Laguna La Torrecilla can be as much as 90 percent that of seawater, with extreme variations in the water column and with time. The annual average specific conductance for depths less than 1 m is about 45,000 umhos/cm. At depths greater than 3 m the specific conductance is equal to that of sea water 50,000 umhos/cm. 
PHYSICAL CHARACTERISTICS OF THE SAN JUAN LAGOONS SYSTEM-Continued

Laguna de Pifiones
Laguna de Pinones, the smallest of the lagoons, has a surface area of 105 ha, an average volume of 0.87 hm , and an average depth of 0.8 m (fig. 5) (Haire, 1975) . The total area draining to the lagoon is indeterminate as a result of the complex canal system in the mangrove forest.
Brackish-water flows into Laguna de Pinones from the eastern end of Laguna La Torrecilla through Canal Pinones. Ellis (1976) , documented the density, tidal, and canal configuration features that induce the flow of brackish water into the lagoon. Prior to the start of the present study, Laguna de Pinones had a stable specific conductance of about 43,000 umhos/cm. 
STORM CHARACTERISTICS
Precipitation
Precipitation from the storm of October 22 to 23, 1974 in the San Juan metropolitan area ranged from about 60 millimeters (mm) at the National Weather Service (NWS) station at the International Airport, to 120 mm at the U.S. Geological Survey office near Catano. About 60 percent of the precipitation was recorded between 0100 and 0800 hours October 23, 1974, near the end of the study period. For the most intense 12-hour period of the storm, the recurrence interval was 1.0 year (U.S. Department of Commerce, 1961).
The total amount of precipitation recorded at the Isla Verde International Airport station during the tidal cycle (1000 October 22 to 1100 October 23) was assumed to be representative of the rainfall directly over the lagoons. This was 39 mm as indicated by the NWS records.
The precipitations over other areas in the basin was computed from the data obtained at the other stations. An average of 70 mm of rain was estimated to have fallen throughout the basin south of the lagoons.
Stage Changes
The inflows to the lagoons of storm runoff resulted in higher water-surface elevations at the end of the tidal cycle. Water-surface fluctuations during the tidal cycle at each lagoon and at the inland side of the Boca de Cangrejos bridge (sea outlet of Laguna La Torrecilla) are shown in figure 6 . The fluctuations are referenced to an arbitrary datum to provide net changes in stage. The moment (s) of zero flow at tidal canals, previous to runoff effects, was used in establishing the datum. The tidal cycle at Laguna del Condado ( fig. 1 ) was assumed to be representative of the conditions at the coast. The most significant change in stage in the lagoons was recorded at Laguna San Jose, with a net change of about 0.312 m during the tidal cycle. The size of the lagoon, with its larger contributing drainage area, and constricted outlets contributed to the significant increase in stage. 
FLOW CHARACTERISTICS AND MAGNITUDE
The effects of storm runoff on the lagoon system during periods of either normal or intense precipitation can be determined only by simultaneous flow and stage measurements at the inlets and outlets that feed or drain the lagoons. Flow and stage determinations at the selected stations ( fig. 1) , are complicated by changes in direction of flow with changes in tide or outflow from a particular lagoon.
The termination of the study at the end of the tidal cycle prevented an assessment of the overall effects of the storm in the flow characteristics at the measured sites. At the end of the study, stages and flows were still actively changing, and most of the accumulated runoff was still stored in the lagoons. However, the data collec-100 ted can be used to estimate or model the hydrologic behavior of the lagoon system over the entire stormresponse cycle.
Boca de Cangrejos Outlet
The flow direction at Boca de Cangrejos outlet followed the tidal fluctuations ( fig. 7) . The proximity of the ocean was reflected in the domination of flow direction by the tide. A significant increase in the flow toward the ocean occurred during the second ebbtide. Integration of the hourly measurements indicate that 1.5 hm entered Laguna La Torrecilla from the floodtides and 2.9 hm left the lagoon by way of Boca de Cangrejos from the combined effects of the ebbtide and storm runoff. 
FLOW CHARACTERISTrCS AND MAGNITUDE-Continued
Canal Pinones
The flow measurements at Canal Pinones showed that the water movement also followed the tide patterns ( fig. 8 ). During the tidal cycle, about 0.21 hm of water flowed into Laguna de Pinones, while 0.15 hm discharged through Canal Pinones. The water flowing into Laguna de Pinones in addition to rainfall runoff, may have been from either Canal Blasina or Laguna La Torrecilia. The combination of the amount of runoff in Canal Blasina, and the head of water in Laguna La Torrecilla, determines the source of the inflows to Laguna de Pinones. Differences in the chemical characteristics in the waters from the two sources may be used to determine which was the main flow contributor to Laguna de Pinones. This is explained in the section on waterquality characteristics. 
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FLOW CHARACTERISTICS AND MAGNITUDE-Continued
Canal Suafez at Highway 26 Bridge
The measuring site at Canal Suarez was located at the Highway 26 (old) bridge. Staff gages were placed on both abutments of the bridge and stage readings were made concurrent with each flow measurement as the flow at the site is constricted by the bridge. This is evident from water-surface elevations that drop in the direction of the flow (fig. 9 ). The site is tidal affected with fluctuations during dry weather conditions from about 0.05 m on the Laguna San Jose side to 0.16 m on the Laguna La Torrecilla side. 
Cafio de Martin Pena at Avenida Barbosa
The Cafio de Martin Pena site was located at the Avenida Barbosa bridge ( fig. 1) . The flows in the Cafio, which connects Laguna San Jose to Bahia de San Juan followed the predicted tidal pattern until about 2200 hours on October 22, ( fig. 11 ). At that time the ebbtide was interrupted and the flow reversed toward Laguna San Jose. The flow direction in Cafio de Martin Pefia was in phase with the flow at Canal Suarez until storm runoff reached the canals. This canal is unique in that it is the only one which receives directly a significant amount of the total basin runoff ( fig. 2 ). The areas in the Hato Key and Santurce districts ( fig. 1) , which drain about 9.5 km of urban developments, drain directly into Cafio de Martin Pefia. The relatively small surface area of Cafio de Martin Pefia in comparison to its immediate drainage basin and the limited conveyance of the canal are responsible for rapid rises of its water surface during intensive rainstorms. Flow into Laguna San Jose from Cafio Martin Pefia lasted about one hour longer than that from Canal Suarez.
Water inflow to Laguna San Jose through Cafio de Martin Pefia^during the tidal cycle was 0.17 hm . Discharges from the lagoon to Bahia de San Juan totalled 0.15 hm during the same period.
Storm Runoff Contributions to the Lagoons
One of the main objectives of the study was to determine the storm runoff contributions to the San Juan Lagoons system. This was achieved by flow measurements at the principal outlets and inlets to the three lagoons and by a water balance of all the other inflow-outflows.
The water balance at each lagoon may be represented by the equation: IS = SR + DR + TC + BF where IS = increase in storage; SR = storm runoff contribution; DR = direct rainfall; TC = net flow measured at the tidal canals; and BF = base-streamflow contributions from 1000 hrs to 2400 hrs, Oct. 22.
The increase in storage at each lagoon was computed from changes in water levels during the study period. The net water-level changes were obtained from the recording gages at each lagoon. The net change in water level was multiplied by the surface area of the lagoon to compute the change in volume. The general assumption was made that the surface area of the lagoons did not increase significantly due to the increase in volume because the banks of the lagoons are nearly vertical. These computations showed an increase in storage of 1.7 hm for Laguna San Jose, 0.30 hm for Laguna La Torrecilla, and 0.16 hm for Laguna de Pinones.
The contributions from rainfall were computed by multiplying the surface area of each lagoon by the amount of precipitation. As previously indicated, an average of 39 mm of rainfall was assumed to represent the direct rainfall over the lagoons. The precipitation contribution to laguna^San Jose was 0.21 hm , with 0.10 hm computed ^or Laguna La Torrecilla, and 0.04 hm for Laguna de Pinones. The contribution from the pump station to Laguna San Jose was obtained from daily pumpage records, A total of 0.05 hm was pumped during the storm period.
The computations and water balances for each lagoon are summarized in figure 12 . The direction of the arrows indicate the direction of flow. There were no adjustments for evapotranspiration losses, which probably were negligible during the study period.
The data in figure 12 show that the storm runoff during the period of study received by the lagoons totalled about 3.2 hm , of which about 50 percent flowed into Laguna San Jose, 48 percent into Laguna La Torrecilla and 2 percent into Laguna De Pifiones. At the end of the study period, Laguna San Jose retained in storage about 75 percent of the total water input. In comparison, Laguna La Torrecilla had discharged through the Boca de Cangrejos outlet nearly 85 percent of the inflows it received. Flows out of Laguna San Jose were restricted at Cano de Martin Pena by the increase in head in this canal from direct storm runoff flowing into it, The discharges from Laguna San Jose are also restricted by the limited conveyance in Canal Suarez. 
FLOW CHARACTERISTICS AND MAGNITUDE-Continued
Water from Canal Blasina flows with a minimum of resistance into Laguna La Torrecilia, water in the Lagoon also flows toward the ocean at the open outlet of Boca de Cangrejos; only extreme floodtides may create enough backwater to limit the flows. Laguna de Pinones, in the meantime, did not undergo any net outflow, but increased its storage until backwater from Laguna La Torrecilla was no longer effective.
WATER QUALITY CHARACTERISTICS
Water Quality in the San Juan Lagoons
Ellis and Gomez (1975) described the general water-quality characteristics of Laguna San Jose, Laguna La Torrecilla and Laguna de Pinones lagoons. Their findings indicate that very poor waterquality conditions prevail in the lagoons system. The key waterquality indicators are representative of heavily polluted systems. Dissolved-oxygen concentrations range from supersaturation caused by massive algal blooms to anaerobic conditions that result in widespread fish kills. Nitrogen and phosphorus concentrations are characteristic of hypereutrophic systems, and organic carbon-concentrations reflect the organic loads discharged into the lagoons from domestic sewage. The extensive dredging in Laguna La Torrecilla and Laguna San Jose, which has created deep pockets of stagnant saline water devoid of oxygen, compounds the problem (Ellis, 1976 Metcalf and Eddy (1972) . Regardless of the daily variations, the analyses show that these sources contribute significant loads of carbon and nutrients to the lagoons. The low-flow effects of these loads are described by Ellis and Gomez (1976) ; however, as shown in the following section, the lowflow contributions to the lagoon system are relatively minor when compared to those of storm runoff.
The study objective to determine the contribution from storm runoff to the water-quality conditions in the lagoons directed the nature and scope of the sampling during the October 22 to 23 storm. The parameters sampled are associated with the most critical problems in the lagoons. Organic carbon provides a measure of domestic loads and biological activity.
The dissolved and suspended species of nitrogen and phosphorus, and their different oxidation states (that is organic, ammonia, nitrite, and nitrate-nitrogen), provides evidence of degree of eutrophication, and biological activity. Specific conductance determinations were used to estimate brackish water contributions and extent. .
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WATER QUALITY CHARACTERISTICS-Contfnued
Chemical Loads During the October 22-23, 1974 Storm
The loads of selected components through each of the principal inlets-outlets of the lagoon system were computed on the basis of the instantaneous samples and flow determinations at each site. The computations include loads of total organic carbon (TOC), total phosphorus (TP), total orthophosphate (TPO,-P), total organic nitrogen (TON), total ammonia nitrogen (TNH.-N), nitrate (N03 -N), nitrite (NO -N), and suspended sediment (SED).
Boca de Cangrejos
Load data for the Boca de Cangrejos outlet show that all of the components measured followed the prevailing tidal pattern ( fig.  13 ). Discharges to the ocean increased with the ebbtide, receding for several hours during the early hours of October 23, and increasing again toward the ocean as the storm runoff reached Laguna La Torrecilla. From 80 to 100 percent of the individual components were in solution. Most of the phosphorus was in the more soluble orthophosphate state, readily accessible for assimilation by algae.
The suspended-sediment curve in figure 13 shows almost a balance between the inflows and outflows. Strong winds and wave actions during the floodtide may have caused the suspension and inflow into Laguna La Torrecilla of sand particles. On the first floodtide (before storm effects) mean velocities into the lagoon at the outlet were as high as 0.69 meter per second (m/s), with maximum suspended-sediment concentrations of 25 milligrams per liter (mg/L). On the second floodtide, (during the storm) the mean velocity into the lagoon peaked at 0.41 m/s while the suspended-sediment concentration was about 35 mg/L, reflecting the increased sediment load in the coastal water ( fig.  14) .
Canal Pinones
The load and flow-rate curves at the Canal Pinones station followed the prevailing tidal cycle ( fig. 15) . Between 0520 and 0600 hours, October 23, flow at the canal was stagnant, probably due to storm runoff into Canal Blasina over-coming the flood tide in its early stage.
Overall, the integration of the transport curves show that the net inflow to Laguna De Pinones of each of the measured components exceeded the outflow. This could indicate that Laguna de Pinones is a sink in the lagoon system for organic carbon, nitrogen, and phosphorus. However, since the system had not reached equilibrium from the storm effects at the time the study was terminated, additional exports probably occurred during the next ebbtide.
Chemical analyses of filtered samples show that a significant part of the carbon, phosphorus and nitrogen flowing through Canal Pinones was in solution. Soluble phosphorus varied from 45 to 90 percent, with the higher percentages occurring during the period of heavy runoff (early hours October 23). Ammonia nitrogen followed a trend similar to phosphorus with the soluble fraction varying from 35 to 90 percent of the total. An average of \30 percent of the organic nitrogen was in solution throughout most of the period. 
WATER QUALITY CHARACTERISTICS-Continued
The average ratio of TPO.-P to TP at Canal Pifiones was 0.18 during the ebbtides and 0.42 during the floodtides. Sewage inputs into Cana'l Blasina, rich in inorganic orthophosphates, contribute to increase the flow of TPO.-P into Laguna de Pifiones. A sample collected at the Carolina sewage treatment plant discharge into Canal Blasina showed that about 85 percent of the phosphorus was in the orthophosphate form. Similarly, there was essentially no ammonia nitrogen flowing out of Laguna de Pifiones during the ebbtide, while about 30 percent of the total nitrogen during the floodtides was in the form of ammonia. In the sewage treatment plant effluent, all of the available nitrogen was ammonia nitrogen.
The suspended-sediment concentration at Canal Pifiones was about 21 mg/L during both the ebb and flood-tides prior to the storm. At the peak of the storm-runoff, the suspended-sediment concentration flowing out of Laguna de Pifiones was about 83 mg/L. Runoff from the mangrove forest contributed to the increased sediment concentration.
Canal Suarez at Highway 26 Bridge
The transport and flow curves at the Canal Suarez station indicate a net outflow from Laguna San Jose to Laguna La Torrecilla of each of the chemical constitutents determined ( fig. 16 ). The flushing of Laguna San Jose into Laguna La Torrecilla during periods of high storm runoff is evident.
Similar to the other tidal stations in the lagoon system, most of the organic carbon, nitrogen, and phosphorus were in solution. About 95 percent of the organic carbon was in soluble form, while soluble phosphorus varied from 75 to 90 percent of the total. The available nitrogen, 96 percent of which was organic, included about 85 percent in solution.
The suspended-sediment concentration at Canal Suarez varied from 20 to 43 mg/L. The maximum occurred during the floodtide prior to the storm. Highsuspended sediment in the discharge from culverts near the station may have influenced the maximum measured concentration.
Perhaps the most significant feature of the transport curves in figure 16 is the magnitude of the increase in the concentration of the chemical constituents with the increase in flow. In an unsteady system, one would expect that after the initial slug of water with high chemical concentrations, additional slugs would tend to have lower concentrations. However, except for ammonia and suspended sediment, which peaked around 0900 hours on October 23, all of the components followed the rise in flow until the termination of the study. Normally, a limited amount of carbon and nutrients is available in the basin to be flushed by storm runoff. It is possible that this point was not reached in the study 9 and the basin was still yielding large loads of carbon and nutrients. A second possibility is that lagoons, in particular Laguna San Jose, act as temporary sinks of chemicals. These are removed and transported during storms. Continuation of the study could have yielded additional data to answer, these questions. 
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WATER QUALITY CHARACTERISTICS-Contiriued
Cano de Martin Pena at Avenida Barbosa
The net contributions of organic carbon and nutrients from Cano de Martin Pena to the lagoons system was minimal during the storm period. The transport and flow curves at the Avenida Barbosa Station show that after the ebbtide of October 22 a near flat response occurred in the flow and transport of each chemical component ( fig. 17) . As previously stated, storm runoff into Cano de Martin Pena may cause rapid surges in the canal. However, the increases in head at Laguna San Jose reversed the flow in the Cano toward Bahla de San Juan ahead of the ebbtide.
The percentages of organic carbon and nutrients in solution at Cano de Martin Pena changed after the effects of the storm reached the sampling station. Dissolved organic carbon decreased from 70 to 50 percent of the total, while phosphorus remained nearly unchanged at 70 percent in solution. However, the percentages of organic nitrogen in solution increased from 28 to 46 percent, while dissolved ammonia also increased from 41 to 80 percent, of the total. These changes indicate that organic carbon in particulate form, and nitrogen species with a low oxidation state (typical of sewage) were washed into the canal from the urban areas of Hato Key and Santurce.
A comparison between the transport curves at Canal Suarez ( fig. 16 ) and Cano de Martin Pena ( fig. 17) shows a significant difference in the quality of the water between the two sites. Laguna San Jose is the dominating feature in the lagoons' hydraulic system. Once a near steady-stage equilibrium is reached in the system during a storm, water flows from Laguna San Jose at both Canal Suarez and Cano de Martin Pena. If the quality of the water in Laguna San Jose were homogeneous, once equilibrium was reached, the quality of the water at the other two tidal sites should have been similar. The differences in the quality of the water between the two sites show that either Laguna San Jose did not reach a homogenous state, or other contributions to Cano Martin Pena are more significant than the flow from Laguna San Jose.
Net Loads in the Lagoon System
Net flows (loads) of organic carbon, nutrients, and suspended sediment at the tidal canals and the Boca de Cangrejos outlet to the ocean are summarized in figure 18 . Storm runoff contributions of some of the parameters also are shown. The contributions of storm runoff were estimated from a mass balance analysis. Estimates were made only for TOC, TP, and total Kjeldahl nitrogen (TKN-equivalent to the sum of TON and TNH,-N) . The computations of the loads in storm runoff appear reasonable on the basis of comparisons with measured loads at the tidal canals. The most significant departures between measured loads budget for the tidal cycle, the contributions in and out of Laguna de Pinones are minimal. An error in the flows in and out of Laguna de Pinones is not as significant as for the other two lagoons.
Estimates of the nitrogen in rainfall are based on studies by Reid (1961) . Similar data were obtained by Jordan and Fisher (1977) in a study of chemical quality of rainfall in St. Thomas, U.S. Virgin Islands. 
WATER QUALITY CHARACTERlSTICS-Continued
The data in figure 18 show that during the study period, both Laguna San Jose and Laguna La Torrecilla received more organic carbon, nitrogen and phosphorus than was exported. A mass balance on Laguna San Jose shows that of about 45.4 x 10 kilograms (kg) of organic carbon, only about 8 percent was exported. Nitrogen and phosphorus show similar trends. In Laguna La Torrecilla, of a total organic carbon loading of about 51.8 x 10 kg, almost 84 percent was exported to the ocean and Laguna de Pinones.
The retention of organic matter and nutrients by both Laguna San Jose and Laguna La Torrecilla is a key factor in the water-quality conditions in the lagoon system. The organic loading exerts inordinate biochemical oxidation demands on the lagoons, particularly in Laguna San Jose. The nutrients that accumulate, either in solution or in bottom deposits, enhance high biological activity which creates extremes in oxygen levels. Dissolved-oxygen concentrations may be driven to zero or near zero values as a result of the organic loading, or to supersaturation levels due to biological activity. Both extremes (0-9.7 mg/L at 1 m, Ellis and Gomez-Gomez, 1975) Comparisons between this study and that conducted during dry weather conditions show that low-flow contributions of TOC and nutrients to the lagoons are small when compared to inputs during a significant storm. The frequency of such storms in the metropolitan San Juan area clearly indicates the importance of storm runoff in the lagoons system. The termination of the study after 25 hours of measuring and sampling was premature. The data in figure 18 shows that the lagoon system had not achieved equilibrium in terms of water flows and transport of chemical loads. It is probable that the export of TOC and nutrients from Laguna San Jose to Laguna La Torrecilla, and thereafter to the ocean outlet, would have continued above base levels. Many questions relative to the balance in the system remain unanswered. What is the sediment load (particularly the sand fraction) of the major streams? What would have been the Canal Suarez flow and chemical transport characteristics as storm runoff receded? Would Laguna San Jose begin to export TOC and nutrients by way of Cano de Martin Pena on the next receding ebbtide in the absence of runoff from the urban areas?
These and many other questions that relate to the hydraulic and chemical characteristics of the San Juan Lagoon system cannot be answered within the scope of this study. The system is too complex, with too many interactions involving tides, volumes, flow constraints in the canals, fresh-salt water mixing, ground-water inputs, and so forth. A solution to systems as complex as the San Juan Lagoons usually involves development and calibration of a mathematical model. Such models are available and the data collected during the investigations in the San Juan Lagoons can be used to calibrate a model.
CONCLUSIONS
Storm runoff to the San Juan lagoon system on 22 to 23 October, 1974 was about 70 percent of the storm precipitation in the basin. The mostly urbanized area probably prevents infiltration and reduces the travel time of the storm runoff into the lagoons. The hydraulic system of the lagoons, which normally follows the prevailing tides, is significantly effected by storm runoff. As storm runoff accumulates in Laguna San Jose, the increasing head reverses tidal flows in Canal Suarez and Carlo de Martin Pena. The combination of flows from Laguna San Jose and Canal Blasina forces Laguna La Torrecilla to discharge to the ocean as much as 95 percent of the total inflows to the lagoons.
The transport of carbon, nutrients, and suspended-sediment in the lagoon system appears to be affected principally by inputs from storm runoff. Low-flow contributions, in terms of loads, are a fraction of those during intense storms. Although several point sources along Canal Blasina contribute significant organic and nutrient loads, a storm as intense as the one during the study contributes many times those loads. This indicates that the waterquality problems in the lagoon system cannot be solved by eliminating only the point sources. The control of non-point sources in the urbanized basin is essential.
Nutrients and organic matter are released from the lagoons during dry-weather conditions at a rate greater than what can be accounted for from inputs. This is more evident in Laguna San Jose and Laguna La Torrecilla. In the dredged areas of both lagoons, anaerobic conditions prevail most of the time. This suggests that the dredged areas may be an important storage pool of the organic matter and nutrients discharged to the lagoons. These storage areas will continue to yield nutrients and organic matter to the lagoons even after point and non-point sources of these components are controlled. This will prevent a quick improvement of the water-quality conditions in both lagoons.
The San Juan Lagoons constitute a very complex system that cannot be properly defined by conventional techniques. The data from this and other studies can be used to model the response of the lagoons to variable hydraulic and chemical-load conditions. Models are available and could be calibrated to provide management with alternatives to study and improve the quality of the water in the San Juan Lagoons system.
